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ABSTRACT 
Within the past few decades brain injury, or traumatic brain injury (TBI), 
has gained widespread attention. Early focus was on more severe forms of TBI; 
severity typically measured using the Glasgow Coma Scale. In more recent 
years, however, mild traumatic brain injury (mTBI), most notably concussions, 
has gained increasing interest due to the high frequency of concussions suffered 
in athletes of all levels and, recently, in military personnel due to blast injuries. 
Studies being performed have focused not only on ways to help minimize the 
incidence of concussion as well as treating concussive symptoms, but also on 
detecting concussions. Many concussions go unreported due to inadequate 
knowledge of concussive symptoms amongst the general population. Because 
many concussions go unnoticed and hence unreported the individual who has 
sustained a concussion is at risk for a more serious injury in the future. One such 
injury is Second Impact Syndrome (SIS). Second Impact Syndrome is essentially 
a synergistic event where the sum of two seemingly mild concussions combine to 
create an event that is potentially fatal. The findings during the autopsy are that 
vi 
there is insignificant damage to the brain to cause death. The damage that 
occurs, however, is on a molecular level causing a strain on the metabolic 
processes of the brain called dysautoregulation. Without an understanding of the 
changes that have occurred on a molecular level in SIS the assignment of cause 
and manner of death is difficult for the medical examiner. 
Currently, in order to diagnose SIS, a thorough scene investigation, along 
with the documentation of a previous head injury is needed. Without a full 
understanding of SIS and the pathophysiology changes that take place a medical 
examiner (ME) could missclassify the cause and manner of death in a death due 
to SIS. In the future, eliminating the prerequisite of identification and 
documentation of previous head injuries in order to diagnose SIS is needed.  
This paper evaluates the literature on the current knowledge of TBI and 
concussions in an attempt to create a protocol on how a medical examiner 
should approach a case where autopsy findings are unremarkable. 
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1. Introduction 
The field of medicine is always expanding and gaining knowledge 
regarding newly discovered diseases and deaths caused by serious injury. Over 
the past few decades traumatic brain injury (TBI) has gained widespread interest, 
with a particular interest in mild traumatic brain injury (mTBI) spiking in recent 
years. A TBI is caused by either an impact to the head or penetration of a foreign 
object into the head interrupting the normal functioning of the brain [1]. A TBI is 
classified as mild if the injury does not include penetration of a foreign object into 
the brain and the subsequent interruption to the individuals’ mental status. This 
includes loss of consciousness (LOC), confusion, and disorientation, which is 
brief, lasting up to 30 minutes in most individuals [1]. The interest in TBI stems 
from the prevalence of the condition being found in athletes and recently military 
personnel [2,3]. An area of particular interest is when an individual, such as an 
athlete, suffers a head injury that could be classified as mTBI but dies shortly 
after the incident from a rare condition called second impact syndrome (SIS). The 
rate of TBI seen in deployed military personnel is estimated to be between 10 to 
20% [3] while incident of TBI in the general population is around 200 per 100,000 
population, however this count only includes patients admitted to hospitals [4]. Of 
the incidents of TBI, approximately 80% can be classified as mTBI [5]. The 
Center for Disease Control and Prevention (CDC) estimates that nearly 4 million 
concussions occur on a yearly basis [6,7] and has called sport-related concussion 
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a silent epidemic [6]. It should be noted here that although concussions fall under 
the umbrella of the mTBI category the converse is not true. Not all mTBI are 
concussions, although the two terms are often incorrectly used interchangeably 
[8]. Concussions occur at a higher frequency in contact sports than the general 
population making sports a good medium in which to study concussions [7,9,10]. 
The sport with the highest rate of concussion in the United States is American 
football [7,11]. Rugby, not regularly played in the United States, has one of the 
highest rates of concussion worldwide [8]. Individuals that participate in contact 
sports such as those listed above are constantly exposed to situations that could 
cause a concussion.  
It has been accepted that if an individual sustains a concussion he/she is 
more prone to sustain further concussions, which could have debilitating results 
in the long run [12]. Repeated head injuries and concussions over an extended 
period of time have been linked to conditions such as Alzheimer’s disease, 
Parkinson’s disease, and Chronic Traumatic Encephalopathy to name a few 
[12,13] (not discussed herein). Another condition caused by multiple concussions 
that is not as well understood is SIS. Other designations used for SIS include 
second impact dysautoregulation [14] recurrent traumatic brain injury [15] and 
talk and die or walk and die [16]. 
The first person to attribute death due to fatal head injuries with absence 
of anatomic findings was Alexis Littré in 1705 [17]. Over 200 years later, in 1984, 
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Saunders and Harbaugh [18] first defined SIS in The Journal of the American 
Medical Association. From their experience they concluded that successive 
minor impacts, or additional impacts after the brain is already compromised, 
might cause devastating pathological conditions and increased cranial pressure. 
In most cases, SIS involves an athlete who has sustained a concussion and is 
still symptomatic after the head injury [9]. If the athlete returns to play before the 
symptoms subside and sustains another head injury the result can be diffuse 
cerebral swelling, brain herniation, or even death [19]. Second impact syndrome 
is rare but can occur with any two injuries involving trauma to the head. The 
condition is devastating because an otherwise perfectly healthy individual may 
die within a few minutes of sustaining the second injury [19].  
Second impact syndrome is a rare condition that is seen mainly in younger 
athletes [15,19]. This condition can also occur in the general population but due 
to the nature of SIS and how it develops it becomes easier to study in individuals 
who play contact sports, such as football [9]. The reason football is a common 
sport to study SIS is that SIS is the result of an impact, usually to the head, 
before the symptoms of a previous concussion have subsided [14]. The nature of 
football subject players to impacts on a regular basis, not only during a game but 
during practice as well. The trauma may also be applied to other parts of the 
body, such as a hit to the mid section, with the energy from the trauma being 
translated to the head and subsequently triggering SIS [14,19,20,21]. This is 
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because a concussion, general speaking, is caused by the traumatic movement 
of the brain within the skull [22]. A force to the head is not necessarily needed to 
fulfill this definition [10].  
Second impact syndrome occurs following a second concussive event to 
the individual before the symptoms of the first concussion have remitted [15,23]. 
The impact that causes SIS may occur anywhere from hours up to a year or 
more after the initial concussion as long as the symptoms from this initial event 
have not diminished completely [23,24]. When the person receives this second 
concussion the outcome may be synergistic, that is that the outcome is greater 
than the sum of the impacts received [9,15]. The outcome involving SIS is 
typically death [14].  
Detecting SIS becomes very difficult because the mechanism of the 
condition is not completely understood, although a few mechanisms have been 
hypothesized and will be discussed later. When an unexpected death occurs, 
such as that occurring from SIS, an autopsy is performed by a medical examiner 
(ME). In the event of SIS, during the autopsy there are no physical signs of 
trauma that appear significant enough to cause death, making SIS difficult to 
diagnose [15,19,23]. This presents a challenge for the ME in the assignment of 
both cause and manner of death.  The cause of death is the injury or disease that 
begins the chain of events that lead to death. The cause of death can be 
separated into two categories, the proximate cause of death and the immediate 
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cause of death. The proximate cause of death is the initial event that started the 
chain of events leading to death. The immediate cause of death is the last event 
that transpired before death occurred. The manner of death is a classification of 
the death that involves the circumstances of the death. The five classifications 
are accident, homicide, suicide, natural, and undetermined. In the event of SIS, 
because there are no significant findings during autopsy that explain why the 
individual has died, the medical examiner may put the manner of death as 
undetermined. In this negative autopsy there is no anatomic cause of death when 
looking at the organs, including the brain. Another well-known condition that will 
not show anatomic signs of death upon autopsy is seizures. Since SIS is a newly 
discovered condition that has similar autopsy findings to other conditions it is 
hard to diagnose a death due to SIS from autopsy alone. At the current time, 
scene findings and witness accounts of concussions sustained by the decedent 
remain an integral part in diagnosing SIS at autopsy. If an ME comes across an 
individual with unremarkable autopsy findings, including no visible changes in 
organs or tissues upon microscopic examination and no significant toxicology 
findings that would cause death, also called a negative autopsy, it is very 
important that he/she obtain as much information about the scene and talk to 
family members and friends of the decedent to determine if SIS is possible.  
When an individual succumbs to death due to SIS, a death investigation 
ensues. The three basic types of death investigation are institution-based, 
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private, and medicolegal death investigation, the latter being of interest in this 
case. There are four components of a medical-legal death investigation. These 
are the scene investigation, forensic autopsy and laboratory testing, analysis of 
police reports, and analysis of medical history and hospital records. In cases of 
SIS, the scene investigation and police reports become more important because 
the findings at autopsy are insufficient to cause death. It is very important that the 
history of the decedent is well documented including any possible head trauma 
within the past few years. Many times, when statements are taken from family 
members and friends they may omit mention of a possible concussion the 
individual sustained in the past because they do not understand the connection 
that can be made to the current outcome. The scene investigators must make 
sure all witnesses are questioned as to the details of the incident leading up to 
the death of the individual. The fact must be made very clear to witnesses that 
any event, such as a hit to the head or body, or even a simple fall, no matter how 
minor, could be an important aspect and must be reported. This includes somatic 
complaints, missed workdays, and poor performance at school or on the job [25].  
 Another condition that may cause problems for the medical examiner due 
to lack of autopsy findings is death that occurs from a blow to the head while the 
individual is intoxicated [26]. Just as in SIS, during the autopsy there are no 
physical signs of trauma that are significant enough to cause death and the 
trauma that the individual sustained is normally relatively mild [17,27]. 
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The ME serves as a fact finder to provide answers for the sudden, 
unexpected, or violent death that has transpired. A better understanding of SIS 
and the effects of alcohol on brain injury is needed for the medical examiner to 
accurately report the cause and manner of death in cases where these 
conditions may have occurred. The medical examiner must also be made aware 
of the information regarding SIS as most of the research is being performed and 
reported in other areas such as sports medicine or neurological journals.  
 
2. Methods 
 English language literature searches were performed using several 
databases through Boston University’s proxy server. The main literature search 
occurred from January 2012 through July 2012. The databases used include 
PubMed, Web of Science, and Google Scholar. Search terms included the 
following words and phrases, or any combination thereof: second Impact 
syndrome, commotio cerebri, mild traumatic brain injury, functional head injury, 
concussion, post concussion syndrome, dysautoregulation, 
acceleration/deceleration injuries, blast injuries, Zurich guidelines, return to 
sports, ethanol and brain injury, Glasgow coma scale, walk and die. Additional 
information was obtained using the references within the published material 
found through the original search.  
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 The case analyzed later in this paper was acquired from Dr. Laposata with 
the case number and significant dates and names redacted to obtain 
confidentiality of the information. The facts and circumstances of the case were 
analyzed and then compared to information found in the literature. The goal of 
this analysis was to ascertain if any similarities exist between SIS and sudden 
death from obtaining a mild head injury while intoxicated. 
 
3. How is SIS Applicable to Forensics? 
 The mechanism of how SIS occurs is not completely understood, but, as 
stated earlier, has been hypothesized to be a synergistic event. Although the rate 
of concussion is far greater in impact sports than the general population this does 
not mean SIS cannot occur in the general population as well.  
 A thorough scene investigation is currently required in a possible SIS case 
because the mechanism of SIS is not currently understood. The findings at 
autopsy are insufficient to determine a cause of death making the scene 
investigation, police reports, and thorough questioning of witnesses, family, and 
friends extremely valuable [23]. In cases where a possible SIS event occurred 
during a contact sport such as football, soccer or rugby, there may be many 
witnesses that can confirm the occurrence of a head injury that set SIS in motion. 
In most cases there will be documentation of the initial injury as well. This is not 
necessarily the case for the general population, as someone can sustain a head 
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injury in the privacy of their own home. Many athletes may not report symptoms 
of a concussion in fear of being taken out of practice or a game and not being 
allowed to participate for a period of time [6]. Athletes may also say they are 
symptom free before symptoms subside for the same reason. Individuals that 
sustain a concussion at home, at the workplace, etc. also may not report their 
concussion or go to the hospital making the documentation of the injury nearly 
impossible. If this is the case, should a second impact occur, there will be no way 
to diagnose SIS using current guidelines. If there is no medical history of a 
concussion it becomes important to question family and friends to determine if 
the decedent had mentioned a head injury in the past few months or had made 
complaints consistent with a possible concussion. If a possible concussion can 
be identified in the recent past then SIS is possible but cannot be diagnosed for 
certain. A way to confidently diagnose SIS is needed. This may include using 
scene and autopsy findings as well as witnesses to the injury and circumstances 
of the injury. 
 Another issue that needs to be recognized is the possibility of individuals 
claiming concussive symptoms for monetary gain [28]. This would occur usually 
when a concussion is sustained in the workplace. An individual may claim to be 
symptomatic for longer than the symptoms actually persist to remain out of work 
or to claim compensation for disability. If this occurs care needs to be taken. The 
injury that is considered a second impact may not be a second impact because 
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the individual was actually asymptomatic when this so-called second impact 
occurred. This could potentially lead to a false diagnosis of SIS. This is another 
reason it is very important to develop a new method of diagnosing SIS 
independent of witnessed accounts of head injury.  
 Along with a new method of diagnosis comes a better understanding of 
SIS. If SIS were better understood, and the window of when a person is 
susceptible to a second impact is better defined, then instances of false 
identification of SIS or missing a diagnosis that is in fact SIS would greatly 
diminish. Being able to identify SIS correctly and reliably could also affect the 
outcome of criminal cases where someone has died due to a blow to the head or 
excessive acceleration/deceleration forces being translated to the head. It is 
possible that a person suffering from a concussion is assaulted or attacked and 
sustains a minor blow to the head. Under normal circumstances the individual 
would be fine but because he or she is symptomatic from a previous concussion 
death ensues. Byard and Vink [15] called into question the force of the final blow 
that causes death concerning the assailant’s intent to kill the victim. It is possible 
the assailant had no intention to kill the victim, but because of the previous 
unknown condition of the victim, the victim dies. The Massachusetts state law on 
murder states that the murder be committed with deliberately premeditated 
malice aforethought, or with extreme atrocity or cruelty (Table1). This means that 
the assailant had criminal intent to end the life of the victim. If this criteria is not 
11 
 
 
 
proven, if it can be shown that the victim died due to SIS, then the crime can be 
lessened from murder to manslaughter, which does not require malice. In this 
instance the question becomes whether the decedent’s death was directly 
caused by the blunt force trauma from the assailant, or if this blunt force trauma 
was compounded with an initial injury that had yet to fully heal. If the latter is the 
case then the death is due to SIS and disproves intent to kill. This is a very 
important distinction because the charge given to the defendant changes 
drastically with their intent. Was there intent to kill or was the intent to temporarily 
disable or scare the victim? If intent to kill is shown because the ME testifies that 
the force used was great enough to cause death then a murder charge will 
ensue. If the ME is aware the decedent was still symptomatic from a previous 
head injury then the results of an autopsy could be different and would free the 
defendant of intent and the charges would be dropped to manslaughter.  
Determining how assets of a decedent are distributed to the surviving 
family members also becomes an issue. The benefactors may be at fault for the 
death but was it an unfortunate accident or did they intentionally murder the 
individual to receive the inheritance sooner? It is essential that a thorough history 
be gathered and scene investigations are thorough so as not to misdiagnose the 
cause and manner of death. The full state and federal laws on murder and 
manslaughter can be found in Tables 1-3. 
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Table 1: The Commonwealth of Massachusetts State Law - Murder and 
Manslaughter [29] 
PART IV – CRIMES, PUNISHMENT AND PROCEEDINGS IN CRIMINAL 
CASES (Chapters 263 though 280) 
TITLE I – CRIMES AND PUNISHMENTS 
SECTION 1 – MURDER DEFINED 
Murder committed with deliberately premeditated malice aforethought, or with 
extreme atrocity or cruelty, or in the commission or attempted commission of a 
crime punishable with death or imprisonment for life, is murder in the first degree. 
Murder which does not appear to be in the first degree is murder in the second 
degree. Petit treason shall be prosecuted and punished as murder. The degree 
of murder shall be found by the jury. 
SECTION 2 – PUNISHMENT FOR MURDER; PAROLE; EXECUTIVE 
CLEMENCY 
Whoever is guilty of murder committed with deliberately premeditated malice 
aforethought or with extreme atrocity or cruelty, and who had attained the age of 
eighteen years at the time of the murder, may suffer the punishment of death 
pursuant to the procedures set forth in sections sixty-eight to seventy-one, 
inclusive, of chapter two hundred and seventy-nine. Any other person who is 
guilty of murder in the first degree shall be punished by imprisonment in the state 
prison for life. Whoever is guilty of murder in the second degree shall be 
punished by imprisonment in state prison for life. No person shall be eligible for 
parole under section one hundred and thirty-three A of chapter one hundred and 
twenty-seven while he is serving a life sentence for murder in the first degree, but 
if his sentence is commuted therefrom by the governor and council under the 
provisions of section one hundred and fifty-two of said chapter one hundred and 
twenty-seven he shall thereafter be subject to the provisions of law governing 
parole for persons sentenced for lesser offenses. 
SECTION 13 – MANSLAUGHTER; PUNISHMENT 
Whoever commits manslaughter shall, except as hereinafter provided, be 
punished by imprisonment in the state prison for not more than twenty years or 
by a fine of not more than one thousand dollars and imprisonment in jail or a 
house of correction for not more than two and one half years. Whoever commits 
manslaughter while violating the provisions of sections 102 to 102C, inclusive, of 
chapter 266 shall be imprisoned in the state prison for life or for any term of 
years. 
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Table 2: United States Federal Law – Murder [30] 
TITLE 18 – CRIMES AND CRIMINAL PROCEDURE 
PART 1 – CRIMES (1-2725) 
CHAPTER 51 – HOMICIDE (1111- 1122) 
SECTION 1111 –  MURDER 
(a) Murder is the unlawful killing of a human being with malice aforethought. 
Every murder perpetrated by poison, lying in wait, or any other kind of willful, 
deliberate, malicious, and premeditated killing; or committed in the perpetration 
of, or attempt to perpetrate, any arson, escape, murder, kidnapping, treason, 
espionage, sabotage, aggravated sexual abuse or sexual abuse, child abuse, 
burglary, or robbery; or perpetrated as part of a pattern or practice of assault or 
torture against a child or children; or perpetrated from a premeditated design 
unlawfully and maliciously to effect the death of any human being other than him 
who is killed, is murder in the first degree. Any other murder is murder in the 
second degree. 
(b) Within the special maritime and territorial jurisdiction of the United States, 
Whoever is guilty of murder in the first degree shall be punished by death or by 
imprisonment for life; Whoever is guilty of murder in the second degree, shall be 
imprisoned for any term of years or for life. 
(c) For purposes of this section— 
(1) the term “assault” has the same meaning as given that term in section 
113; 
(2) the term “child” means a person who has not attained the age of 18 
years and is— 
(A) under the perpetrator’s care or control; or 
(B) at least six years younger than the perpetrator; 
(3) the term “child abuse” means intentionally or knowingly causing death 
or serious bodily injury to a child; 
(4) the term “pattern or practice of assault or torture” means assault or 
torture engaged in on at least two occasions; 
(5) the term “serious bodily injury” has the meaning set forth in section 
1365; and 
(6) the term “torture” means conduct, whether or not committed under the 
color of law, that otherwise satisfies the definition set forth in section 2340. 
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Table 3: United States Federal Law – Manslaughter [30] 
TITLE 18 – CRIMES AND CRIMINAL PROCEDURE 
PART 1 – CRIMES (1-2725) 
CHAPTER 51 – HOMICIDE (1111- 1122) 
SECTION 1112 – MANSLAUGHTER 
(a) Manslaughter is the unlawful killing of a human being without malice. It is of 
two kinds: 
Voluntary—Upon a sudden quarrel or heat of passion. 
Involuntary—In the commission of an unlawful act not amounting to a felony, or 
in the commission in an unlawful manner, or without due caution and 
circumspection, of a lawful act which might produce death. 
(b) Within the special maritime and territorial jurisdiction of the United States, 
Whoever is guilty of voluntary manslaughter, shall be fined under this title or 
imprisoned not more than 15 years, or both; Whoever is guilty of involuntary 
manslaughter, shall be fined under this title or imprisoned not more than 8 years, 
or both. 
 
 The Daubert standard further complicates the matter of murder versus 
manslaughter when looking at deaths that could possibly be due to SIS. This is 
because the Daubert standard deals with the admissibility of expert witness 
testimony during a trial. The Daubert standard is the standard used by a judge to 
assess the expert witness testimony and determine whether it should be allowed 
in court [30]. There are several factors that the judge must consider when making 
this decision: 1) Does the testimony come from scientific knowledge and is the 
testimony relevant to the issue; 2) Are the results the expert witness is testifying 
about the product of the scientific methodology; 3) Is there a known error rate; 4) 
Have the methods being used to come to the results being testified about been 
subject to peer review, and are they accepted throughout the scientific 
community [30].  
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 Second Impact Syndrome is not yet fully understood. The existence of the 
syndrome has been brought in to question by some. Paul McCrory [31] in his 
paper entitled “Does Second Impact Syndrome Exist”, argues whether SIS is 
even a real condition and points out that SIS is not completely accepted in the 
scientific community. McCrory states that cases being labeled as due to SIS are 
actually caused by the condition known as diffuse cerebral swelling. This 
condition shares a similar pathology with SIS; in fact only the risk factor of 
repeated injury differentiates the two conditions [31]. Although McCrory discredits 
the existence of SIS he states in his paper “The presence of postconcussive 
symptoms should be seen as a significant risk factor for [cerebral swelling] to 
occur [31].” The definition of SIS is that postconcussive symptoms can 
exacerbate the ‘damage’ caused from a secondary injury. To clarify this point, 
vast research must first be undertaken to try and understand SIS further and to 
solidify diagnostic criteria for use by the scientific community.  Because of this 
lack of diagnostic criteria and acceptance by the scientific community the 
Daubert standard, currently, would not allow an expert witness to testify to the 
presence of SIS in a case. This paper attempts to bring together and analyze 
information and data from different sources to further the understanding of SIS 
with respect to medicolegal death investigation in the hopes that the scientific 
community will recognize SIS as a condition.  
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4. Concussion Definition and Symptoms 
 In order for second impact syndrome to occur there must first be an initial 
head injury in the form of a concussion [15,19]. This initial concussion causes 
damage within the brain that leaves the brain vulnerable to subsequent injury 
[23]. The current accepted definition of concussion as decided in 2008 at the 3rd 
International Conference on Concussion in Sports, held in Zurich is as follows:  
“Concussion is defined as a complex pathophysiological process 
affecting the brain, induced by traumatic biomechanical forces. 
Several common features that incorporate clinical, pathologic and 
biomechanical injury constructs that may be utilized in defining the 
nature of a concussive head injury include: 
1. Concussion may be caused either by a direct 
blow to the head, face or neck or a blow 
elsewhere on the body with an “impulsive” force 
transmitted to the head. 
2. Concussion typically results in the rapid onset of 
short-lived impairment of neurologic function 
that resolves spontaneously. 
3. Concussion may result in neuropathological 
changes but the acute clinical symptoms largely 
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reflect a functional disturbance rather than a 
structural one. 
4. Concussion results in a graded set of clinical 
symptoms that may or may not involve loss of 
consciousness. Resolution of the clinical and 
cognitive symptoms typically follows a 
sequential course. In a small percentage of 
cases, however, post-concussive symptoms 
may be prolonged. 
5. No abnormality on standard structural 
neuroimaging studies is seen in concussion 
[32].”  
A concussion can also occur from blast waves hitting a person and will be 
discussed later. Being struck directly in the head causes concussion because the 
force is directly transmitted through the skull and into the brain causing the 
cascade of events leading to concussion. If the force is great enough a 
concussion can also occur from being struck in the body, not the head [20]. This 
is due to the acceleration and deceleration forces being transmitted to the brain 
as the head is violently shaken as a result of being hit [21].  
Once a person has sustained a concussion the symptoms can vary from 
person to person. As well as being varied, the symptoms may appear shortly 
18 
 
 
 
after the concussion is sustained or the symptoms may be delayed for days or 
weeks after the concussion [20,34]. Many of the symptoms can be very subtle 
and hence missed not only by the inflicted person but by others around the 
injured individual such as family, friends, teammates, and even physicians. It is 
generally accepted that a headache is the most common symptom of a 
concussion [35]. Since a concussion is a form of mTBI it is important to realize 
that many symptoms that occur are diagnostic of an mTBI and not necessarily of 
a concussion. An mTBI is so classified when the loss of consciousness (LOC), 
confusion, or disorientation associated with the injury is shorter than 30 minutes 
[1]. Common symptoms of an mTBI are listed in Table 4. These can be compared 
to the symptoms of a more severe traumatic brain injury in Table 5. Many of the 
symptoms are mimicked between the two lists but the symptoms will be much 
stronger, or worse, with a moderate or severe TBI. For example, if an individual 
who has sustained a head injury complains of a headache, minor memory loss, 
has tinnitus, and diplopia, then it is most likely a mTBI but testing should always 
be done to confirm this. If the individual has the aforementioned symptoms but 
also has symptoms such as paralysis, difficulty processing language, slurred 
speech, and loss of bowl or bladder control then this indicates the head injury is 
much wore than a mTBI.  
Although traumatic brain injuries are primarily seen as mild cases with 
approximately 80% of all cases of TBI classified as mild, more severe injuries do 
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occur and can have similar symptoms of mTBI [5]. Moderate TBI can be 
classified as an injury to the brain with a LOC from 20 minutes to 6 hours with a 
severe TBI having a LOC lasting longer than six hours [1]. 
Typically with mTBI there will be no structural brain damage present, 
although there may be minor brain swelling, cerebral edema, present [14]. Minor 
brain swelling is not fatal and can occur from a variety of incidents. Such 
incidents can include bumping ones head into a stationary object very hard 
unexpectedly as well as various infections. Because minor cerebral edema is not 
fatal under most circumstances, an unremarkable autopsy with minor brain 
swelling is still considered a negative autopsy. Functional deaths, such as those 
caused by seizures, cardiac arrhythmia, or from a condition known as commotio 
cordis, will also have negative autopsies. A functional death is caused by a cease 
in physiologic function that does not leave any detectible evidence at autopsy. 
The way the organs are supposed to look does not change, even when looked at 
under a microscope. Brain death, on the other hand, is the irreversible loss of all 
brain function but all other bodily functions can be maintained under artificial 
conditions. Brain death must be diagnosed at a hospital by a neurologist. 
Commotio cordis is a rare condition where a person is struck in the chest at a 
critical juncture during the heart beat cycle causing cardiac arrest [17]. Second 
impact syndrome mimics a functional death with respect to autopsy findings. If at 
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autopsy structural brain damage is observed mTBI can be ruled out and 
therefore SIS can be ruled out as cause of death.  
 
Table 4: Symptoms of Mild Traumatic Brain Injury  
and Concussion  [1,32] 
Common Symptoms 
Fatigue 
Headaches 
Visual Disturbances 
Memory loss 
Poor attention/concentration 
Sleep disturbances 
Dizziness/Loss of balance 
Lack of coordination 
Irritability-emotional disturbances 
Feelings of depression 
Seizures 
Other Symptoms 
Nausea 
Vomiting 
Loss of Smell 
Sensitivity to light (Photophobia) 
Sensitivity to sounds 
Blurred vision 
Double vision (Diplopia) 
Mood changes 
Getting Lost or confused 
Disorientation 
Loss of consciousness 
Post-traumatic amnesia 
Attention disorder 
Slowness in thinking 
Ringing in ears (Tinnitus) 
Decreased work performance 
Emotional Impairment/Relationship problems 
 
 .  
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 Table 5: Symptoms of Moderate and Severe  
  Traumatic Brain Injury  [1] 
Attention disorder 
Difficulty concentrating 
Easily distracted 
Memory loss 
Processing speed slowed 
Confusion 
Perseveration 
Impulsiveness 
Difficulty processing language 
Difficulty speaking/slurred speech 
Rate of speech altered 
Difficulty reading and writing 
Sensory difficulty 
Vision loss 
Blurred vision 
Diplopia 
Nystagmus 
Photophobia 
Hearing loss 
Tinnitus 
Diminished sense of smell (anosmia) 
Diminished sense of taste 
Seizures 
Paralysis/Spasticity 
Chronic pain 
Loss of bowl and bladder control 
Sleep disorders 
Stamina loss 
Appetite loss 
Change in body temperature regulation 
Menstrual difficulties 
Lack of motivation 
Irritability 
Aggression 
Depression 
Disinhibition 
Lack of Awareness 
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Symptoms of concussions usually diminish within a few weeks [33,35]. In 
cases of prolonged concussion symptoms extending beyond a few weeks, 
symptoms typically last for several months and post-concussion syndrome (PCS) 
is diagnosed [12]. Symptoms of PCS typically diminish within 3 months but in 
rare occurrences prolonged PCS can last 6 months to a year or longer [36,37]. 
The recovery time varies from person to person and it is not known why some 
people have symptoms that persist longer than others; however PCS is more 
common among people with prior brain damage [36]. Because SIS is the 
occurrence of a second concussive event while the symptoms of a previous 
concussion still persist, SIS may be harder to determine in cases of PCS. This is 
because the second event could occur so far away from the first event in time 
that the correlation between the two events is hard to see.  
Gender differences in the frequency of mTBI and concussion exist and are 
due to a multitude of factors. In the general population males are at a higher risk 
of mTBI except in the geriatric population. The higher rate of mTBI in males is 
due to a higher rate of interpersonal violence and motor vehicle collisions as 
compared to women [4]. This is in contrast to sports related concussions where 
females are reported to have a higher rate of concussions when compared to 
males. This is attributed to differences in body mass, head mass, and/or neck 
strength differences between men and women. This difference may also reflect 
the unwillingness of men to report such injuries [23].  
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5. Common Concussion Settings 
 Concussions, and SIS, are hard to study because nobody can predict 
when someone will sustain a concussion. Successful reproduction of 
concussions has been done using lab animals, such as mice, but the findings are 
hard to correlate to the human population because of anatomic differences; for 
one, the skull to brain ratio is different and presumably relatively much larger 
forces are needed to give a mouse a concussion. Because of this, two settings 
become good ‘labs’ for studying concussions in humans. The first is in the 
military regarding blast injuries. The second, and more common, is sports. These 
settings are good for studying concussion injuries, and SIS, because when a 
concussion occurs it can be well documented and the individual can be 
monitored almost immediately following concussion. 
 
5.1 Blast Injuries 
 Head injuries in the military caused by explosions have become more 
prevalent in recent years. This is attributed to better protective equipment that 
now allows the individual subjected to the force of an explosion to survive while 
in the past the same explosion would have caused fatal injuries [38,39]. Modern 
body armor is an important factor in the survival of many troops. The body armor 
helps prevent fragments generated by the explosion from penetrating into the 
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body as well as cushioning the blow if the individual is struck in the head from a 
flying object or thrown off his or her feet [40].  
The most common injury, ranging anywhere from 10% to 20% of all 
injuries, sustained by military personnel in recent wars is a concussion [3,38]. 
Most of these concussions are caused by a blast from an Improvised Explosive 
Device (IED) [3]. The brain injury sustained may be different between 
concussions resulting from a blast wave and those resulting from the 
conventional method; i.e. a direct blow to the head or translation of 
acceleration/deceleration forces from a hard hit elsewhere on the body [3]. When 
an explosion occurs and creates a blast wave there is a series of pressure 
changes that occur. First, there is a shock wave of increased pressure traveling 
at supersonic speeds. After this initial high-pressure wave the pressure drops 
creating a partial vacuum back towards the seat of the blast. A second pressure 
wave then ensues before the pressure returns back to normal. Each pressure 
change is followed closely by wind, which can move objects and cause 
dangerous objects to fly through the air [2].  
Blast injuries can be placed into four categories (Table 6). Primary injuries 
are a direct effect of the pressure gradients that occur during a blast wave. 
Secondary Injuries are cause by projectiles, or shrapnel, produced during the 
explosion. Tertiary injuries are caused by the wind that follows the pressure 
changes as well as injuries caused by structural damage of buildings and 
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vehicles. Quaternary injuries are caused by the exposure to heat and chemicals 
as a result of the blast. There is a discrepancy in the classification of tertiary and 
quaternary injuries between Depalma et. al. [41] and Luethcke et. al. [42] The 
difference lies in how injuries caused by the destruction of buildings and vehicles 
are classified. Luethcke et. al. classifies these injuries as quaternary while 
DePalma et. al. classifies them as tertiary. For the purpose of this paper injuries 
caused by the destruction of buildings and vehicles will be classified as tertiary. 
Concussions caused by secondary or tertiary blast injuries are similar to 
non-blast related concussion [38,42]. Of interest are the injuries sustained from 
the blast wave and pressure gradients, or primary blast injuries. The pressure 
caused by the explosion may cause barotrauma [40,42]. Barotrauma is the result 
of the change in pressure in organs that are filled with air and/or fluid. This 
includes many organs but the most susceptible to damage are the ears, eyes, 
lungs, and nervous system (brain and spinal column) [42]. It is possible for more 
solid organs, such as the liver or kidneys, to rupture from a blast wave but this 
would require the individual to essentially be in the seat of the blast [41]. 
The tympanic membrane of the ear is the most easily damaged by a blast 
wave with as little as a 5-psi change in pressure needed to cause the membrane 
to rupture [41]. Under most circumstances, if the tympanic membrane is not 
damaged then the injury is unlikely due to a blast mechanism. However, 
concussions caused by a blast wave without damage to the tympanic membrane 
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have been reported [41]. The severity of injury greatly decreases as the distance 
from the blast increases. This is because the blast wave dissipates over time and 
distance and the pressure gradients lessen. There is also a less likely chance to 
be struck with shrapnel from the blast with increased distance.  
Kelly et. al. [43] stated that a difference between blast and non-blast TBI 
has not been found to date although studies have found that the prevalence of 
certain TBI symptoms differ between blast and non-blast TBI. One factor that 
seems to play a role in the symptoms that people have is whether they lost 
consciousness or not. TBI resulting from a blast were less likely to be associated 
with LOC. The duration of LOC with blast TBI was also shorter than LOC 
associated with non-blast TBI [42]. When TBI included LOC it was found that 
headache and tinnitus were more prevalent amongst blast injuries than non-blast 
injuries. When there was no LOC the relationship between headache and tinnitus 
with blast injuries was no longer true [42]. When TBI was caused by a non-blast 
mechanism without LOC, individuals were more likely to report memory and 
concentration problems, stomach pain, and gastrointestinal problems [39]. 
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Table 6: Categories of Blast Injuries [3,38,40,41] 
Primary Injuries - Caused by Increased or decreased Pressure 
Damage to tympanic membrane – Most common 
Can occur with pressure changes of 5-psi 
Damage to lungs (Pulmonary barotrauma)  
Damage to colon or intestines  
Damage to other organs possible but with very high blast forces 
Damage to the eyes 
Damage to the nervous system (brain and spinal column) 
Secondary Injuries – Caused by projectiles 
Closed head injuries 
Caused by objects set into motion as a result of the explosion 
Penetrating injuries from shrapnel 
Material the explosive device is made of 
Material attached to the outside of the device for the sole 
purpose of creating shrapnel 
Material set into motion from the explosion 
Tertiary Injuries – Caused effects of the wind and structural damage 
Blunt or penetrating trauma 
Falling debris from buildings 
Crush, fracture, or amputation injuries 
Being trapped in or under a car, or from being trapped in a 
building that collapses 
Injuries caused by the body being thrown by the blast 
Hitting a fixed object such as a car 
Injuries from hitting the ground after being thrown 
Quaternary Injuries – Injuries not included in the previous categories 
Burns 
Thermal or chemical 
Toxic fumes and asphyxiation 
Carbon monoxide produced from fire 
Radiation exposure 
Exacerbation of existing conditions 
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Individuals suffering from a non-blast TBI were more likely to experience balance 
issues, nausea, and vomiting [42]. Hearing problems were much more common 
in individuals who had sustained a TBI due to a blast [42]. The symptoms 
between blast and non-blast injuries have many differences but have many 
similarities as well, especially for secondary and tertiary blast injuries. For 
primary blast injuries the main difference that is not seen in non-blast injuries is 
the presence of barotrauma caused by the change in pressure. The main 
similarities include the blunt trauma that can occur from secondary and tertiary 
blast injuries. These injuries are essentially the same as non-blast injuries since 
the injury has to do with a foreign object striking the head or a person being 
thrown and the head striking a stationary object. Because of these similarities it is 
possible the biochemical and neuronal pathways affected after these injuries 
occurs in the same way. For purposes of this paper a blast injury will be 
considered a first injury with respect to SIS. Therefore, if the individual had 
sustained a previous injury then the blast injury could be considered the second 
injury. More research is needed to better understand the differences between 
blast and non-blast TBI. 
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5.2 Sports Injuries 
 Traumatic brain injury and concussion occur at a much higher frequency 
in people participating in competitive sports than in the general population. Some 
reports have shown that during the course of a season 10% of college football 
players, and 20% of high school football players will sustain some type of brain 
injury, most of which are concussions [44]. The incident of TBI in the general 
population is around 200 per 100,000 population (0.2%), however this count only 
includes patients admitted to hospitals [4]. The CDC estimates that nearly 4 
million concussions occur on a yearly basis, and has called sport-related 
concussion a silent epidemic [6,7]. Of these 4 million concussions, 300,000 are 
sports related occurring in the United States with 1/3 occurring in football [45]. 
This may seem like a low percentage but taking into consideration the size of the 
two populations, the general public and athletes, these numbers are quite 
significant.  
Individuals who participate in contact sports, such as football or soccer, 
have greater exposure to impacts that may cause concussion making them more 
vulnerable to SIS. After an athlete has sustained a sports related concussion the 
athlete is more susceptible to subsequent concussions during the same season 
[36]. This can be said for the general population as well. Once an individual has 
sustained a concussion, the individual is more susceptible to a repeat concussion 
in the future. For this reason, as well as trying to expedite the recovery process, 
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guidelines have been put into place for a safe return to activity once a 
concussion occurs. The first step to reducing the incidence of SIS is to better 
educate not only the players to be able to recognize the sign of a concussion but 
also the coaches and families of the players.  
A few examples illustrating the lack of knowledge, or lack of care, of 
concussions and the potentially devastating effects they can have are listed 
below. 
Case 1: On Sunday, January 22, 2012 the New York Giants played the 
San Francisco 49ers. A wide receiver who played for San Francisco and 
was known to have been concussed in the past was targeted by the New 
York team in order to take him out of the game. A New York linebacker 
was quoted as saying: “The thing is, we knew he had four concussions, so 
that was our biggest thing, was to take him outta the game”. A wide 
receiver for New York was quoted as saying: “He’s had a lot of 
concussions. We were just like, we gotta hit on that guy.” He also stated 
that backup safety Tyler Sash "did a great job hitting him early and he 
looked kind of dazed when he got up. I feel like that made a difference and 
he coughed it up [46]."  
Case 2: In Utah a youth football coach was arrested for allegedly 
crossing the line of play and knocking down a player from the opposing 
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team. The 13-year old player sustained a concussion upon impact with the 
coach [47].  
Case 3: On Sunday, October 7th, 2012 the quarterback for the 
Washington Redskins sustained a concussion and was removed from 
play. Initial reports from the Washington team were that the quarterback 
was “shaken up” and his return to the game was questionable. After 
further questioning and testing the team doctors determined he had a 
concussion and was not able to return to the game. Washington faced a 
fine from the National Football League (NFL) for saying that the 
quarterback was shaken up and not immediately acknowledging a head 
injury [48,49].  
The first case illustrates the fact that players do not fully understand or 
appreciate the repercussions of sustaining multiple concussions. This is 
beginning to change, however, as the NFL is beginning to have the issue 
researched and more retired players are beginning to speak out about their 
issues with memory loss etc. The cumulative effects of concussive and sub-
concussive blows to the head have been extensively studied. The syndrome that 
results from these repetitive hits is called Chronic Traumatic Brain Injury (CTBI). 
Other names include dementia pugilistica and chronic traumatic encephalopathy 
(CTE) [12].  
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The second case is an unfortunate incident where the coaches willingness 
to win outweighs the safety and well being of the children on the field. All 
coaches, especially those of youth players, should have to attend classes to 
better understand what a concussion is and how to identify concussions when 
they occur. 
The third case is a good example of how the NFL is trying to change the 
mindset of the teams, players, and coaches to understand the potentially 
devastating effects concussions can have. A recent FRONTLINE special entitled 
“League of Denial: The NFL’s Concussion Crisis” which first aired in October 
2013, further demonstrates this point. Dr. Ann McKee was the lead doctor who 
studied the brains of deceased NFL players. She is the director of 
neuropathology at the Department of Veterans Affairs in Bedford, Mass. During 
her research, Dr. McKee has discovered the disease known as CTE in many 
former football players. Chronic traumatic encephalopathy is a degenerative 
disease seen in individuals who have sustained numerous concussions and 
other forms of head injuries.  
Throughout the multitude of different contact sports there is a constant 
effort to develop better gear and protective equipment for athletes. In the 1950’s 
the NFL introduced the hard-shelled helmet replacing the previous leather 
helmets. Later that decade the facemask was introduced [10]. The introduction of 
the facemask decreased the number of injuries to the face such as broken teeth 
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and noses. The introduction of the hard helmet had the inverse effect however. In 
1962 the American Medical Association (AMA) hosted a National Conference on 
Head Protection in Athletes. It was at this conference that the realization was 
made that a higher incident rate of head and neck injuries was occurring [10]. 
This was because with the new protective equipment came new actions by the 
athletes. In football, with hard-shelled helmets, players felt safeguarded against 
injury and began using the helmets to create contact with other players in a move 
know as spearing [10]. From the 1962 AMA conference came the realization that 
the introduction of better protective equipment would change the behavior of 
athletes and thus regulations would need to be put into place to govern the play 
to make sure the equipment is used properly [10].  
Helmet designs with more padding and better fits were introduced in an 
attempt to reduce the risk of concussion [25]. Concussions can be due to both 
direct contact with the head and the acceleration/ deceleration and rotational 
forces applied to the head as stated earlier. With this in mind, new helmets may 
have little effect on the amount of concussions seen in contact sports. This is 
supported by the introduction of more protective gear in boxing. In boxing when 
glove thickness was increased and helmets used there was no decrease in 
injuries seen in the athletes [50]. 
Once an athlete sustains a concussion they must be monitored closely so 
they do not resume play to early. This is especially true in younger athletes that 
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take longer to heal. To fully heal from a concussion the individual needs cognitive 
rest. This means minimizing activities that involve attention and concentration 
[25]. A younger individual has obligations such as schoolwork that require use of 
cognition. Younger individuals may also be more apt to play video games and 
watch television. In doing so, the brain does not get the time it needs to heal [25]. 
These obligations of schoolwork and tendencies to watch television and use a 
computer may be a factor that causes a younger individual’s brain injury to heal 
more slowly making them more susceptible to SIS. The return to play guidelines 
follow six steps that an athlete must complete in succession before he or she is 
allowed to return activity (Table 7). The individual must be asymptomatic at each 
step before moving on to the next step. It is generally accepted that each step 
should take about 24 hours (hrs) to complete. If the individual begins to 
experience any post-concussive symptoms then he or she should move back to 
the previous step and try to move forward in another 24 hrs. [34] The steps are 
as follows: 1) rest with no activity; 2) light aerobic exercise; 3) sports specific 
exercise and training; 4) no contact training drills; 5) full contact training drills and 
practice; 6) return to play [23,34]. In adult athletes it may be acceptable for a 
same day return to play. This is contingent on having the available resources 
available to perform cognitive testing to clear an athlete to play.  
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Table 7: Return to Play Guidelines (Table from McCrory et. al.) [34] 
Rehabilitation 
Stage Functional Exercise  
Object of Each 
Stage 
1: No Activity 
2: Light aerobic 
exercise 
3: Sport-specific 
exercise 
4: No-contact 
training 
5: Full contact 
practice 
6: Return to play 
1: Complete physical and cognitive 
rest 
2: Walking, swimming, or stationary 
cycling. Keep intensity to less 
than 70% MPHR. No resistance 
training 
3: Skating drills in hockey, running 
drills in soccer. No head impact 
activities 
4: Progression to more complex 
training drills. May start 
progressive resistance training 
5: Participate in normal training 
activities following medical 
clearance 
6: Normal game play 
1: Recovery 
2: Increase HR 
3: Add movement 
4: Exercise, 
coordination, 
cognitive load 
5: Assessment by 
coaching staff and 
restore confidence 
6: Have fun 
HR – Heart Rate, MPHR – Maximum Predicted Heart Rate 
 
6. Ethanol Consumption and Death From Being Struck in the Head 
 The consumption of alcohol has been linked to exacerbating brain injury 
and increasing mortality with injuries that would otherwise not be serious 
[26,51,52].  One reason is that prolonged apnea is attributed to sustaining a brain 
injury while intoxicated [52,53]. Alcohol ingestion may compromise the brain’s 
ability to correct potentially fatal dysrhythmias and apnea by causing dysfunction 
of the brainstem cardiorespiratory centers [51]. In a study performed by Zink et. 
al. [53] seven of ten test animals treated with ethanol and TBI may have died if 
ventilation support was not provided. Studies have been performed showing that 
animals treated with ethanol have worse neurologic outcomes than animals that 
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were not treated with ethanol. Studies have also shown that intoxicated humans 
that sustain trauma to the head have worse injuries and higher death rates than 
individuals who are not intoxicated [53].  
 Another reason intoxication increases mortality may be the effect alcohol 
has on the magnesium (Mg2+) concentration in the brain. Magnesium is an 
essential ion to the function of the central nervous system (CNS) affecting 
neurotransmitter release and glycolysis among many others [54]. The effect of a 
reduced Mg2+ concentration will be explained below but it should be noted that 
the Mg2+ concentration is reduced following a concussive event in sober 
individuals.  
Intoxicated individuals were examined post-mortem after an altercation 
where they were beaten with blows to the head and face and then died 
unexpectedly shortly after. It was determined that the trauma sustained was 
insufficient to account for the death, and the blood alcohol content (BAC) was not 
within the lethal range [51,55]. Vink and Byard [56] noted that “if high levels of 
alcohol act synergistically with blunt trauma, then a far worse outcome may 
follow less severe impact”. 
Death due to ethanol consumption and TBI can be related to death due to 
SIS. Both mechanisms cause unexpected death from blows to the head that 
would otherwise not be fatal. SIS is due to the brain’s dysautoregulation of 
metabolic, neurotransmitter, and cerebrovascular processes resulting in death. 
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Ethanol consumption and TBI causes the dysfunction of the brainstem 
cardiorespiratory centers. The effect of the ethanol may also lessen the brain’s 
ability to regulate metabolic, neurotransmitter, and cerebrovascular processes in 
a similar way to SIS. A common factor seen in both scenarios is a reduction of 
the Mg2+ levels in the brain. Magnesium is an essential cofactor of over 300 
enzymes and required in all reactions involving adenosine triphosphate (ATP) 
[57]. It has been stated that after a concussion the brain’s ability to autoregulate 
metabolic and biochemical factors is diminished leaving the injured individual 
susceptible to repeat injury. The author of this paper proposes that drinking 
alcohol may mimic the effects of an initial concussion due to the reduction of 
Mg2+ in the brain. The reduced Mg2+ may initiate the dysautoregulation in 
intoxicated individuals mimicking that of an initial concussion leaving the brain 
susceptible to a second injury with synergistic effects. More research is needed 
to test this theory.  
 
7. Case Study: Death Due To Alcohol Intoxication And Being Struck In The 
Head 
In a case provided by Dr. Elizabeth Laposata a man died from an 
altercation after having a few alcoholic beverages. During this altercation the 
man first was slapped in the face causing him to fall to the ground. As he was 
getting up he was struck in the back of the head with a wooden chair. The man 
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never regained consciousness and died. The man was a 36-year-old Hispanic 
standing 5’8” and weighing 334 lbs upon admission to the ME’s office.  
Two years before this altercation and subsequent death, the man was 
admitted to the hospital with severe headaches. He was diagnosed with a 
subarachnoid hemorrhage (SAH). A SAH is bleeding into the subarachnoid 
space and can be caused by a head injury or from a cerebral aneurysm. The 
protective membranes of the brain will be discussed later but the subarachnoid 
space is one of the spaces between two of the membranes that protect the brain. 
In this case the cause of the SAH was an internal carotid artery bifurcation 
aneurysm. Those who survive a SAH often have neurological or cognitive 
impairment.  
The man was also known to suffer from arteriovenous malformation. 
Arteriovenous malformations are defects in the circulatory system that can arise 
in any location of the body and are generally developed before birth or shortly 
after birth. The presence of these malformations causes a high internal pressure 
and subsequent weakness of the blood vessel walls. This leaves the areas 
where the malformation is located more susceptible to hemorrhages.  
It is possible that suffering from arteriovenous malformations and a SAH 
left the man more vulnerable to head injury. This, coupled with the impairment 
from alcohol may have been enough to alter the autoregulation mechanisms in 
the brain not allowing him to recover from the blow to the head. 
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During autopsy the following observation were made. The head contained 
blunt impact injuries with lacerations and contusions on the face and scalp. The 
skull was not fractured and no epidural, subdural, or subarachnoid hemorrhage 
was seen. The chest and lower extremities contained contusions from blunt 
impact as well. The man had hypertensive and atherosclerotic cardiovascular 
disease. There was cerebral arteriovenous malformation. The body mass index 
(BMI) was 50.8. All other findings were unremarkable.  Toxicology was 
performed post-mortem. The BAC in the blood was 0.03 gram percent (gm%). 
Grams percent means grams per 100 grams of whole blood. The alcohol content 
in the vitreous humor was 0.04 gm%. The cause of death was determined to be 
sudden death during physical altercation due to hypertensive cardiovascular 
disease. The manner of death was a homicide from being struck and beaten by 
others. 
It will be shown in section 9 that Mg2+ is essential to proper brain function 
and has been hypothesized that the reduced Mg2+ caused by the consumption of 
alcohol may initiate dysautoregulation.  
Cardiovascular disease (CVD) generally presents as a chronic condition 
that builds up over time. In rare incidents it is possible for the individual to suffer 
from stroke or a heart attack unexpectedly due to blood being blocked from the 
heart or brain. In the case at hand there was minimal atherosclerosis with no 
thrombus or embolus found in the cardiovascular system. No evidence of a 
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stroke or heart attack was found. Because of these findings it is believed that the 
cause of death was not sudden death during physical altercation due to 
hypertensive cardiovascular disease. Due to the compounding factors; the 
presence of alcohol, the previous SAH, and the blow to the head that left the man 
unconscious, it is believed that the man died from SIS due to complications of 
head injury exacerbated by the effects of alcohol. 
The mechanism in which death occurs from TBI and ethanol consumption 
is not yet known. This is true for the mechanism of SIS as well, although the 
understanding is that it is an autoregulatory problem caused from sustained a 
second injury while the brain is trying to recover from a previous injury. This will 
be discussed later. It is believed by the author that the effects of ethanol mimic 
SIS and the ethanol causes the brains autoregulatory functions to malfunction. 
 
8. Biomechanics of Concussive Head Injuries 
The head consists of three components. The first is the skull including 
both the cranial and facial bones. The second is the soft tissue covering the skull. 
This includes the skin and connective tissues. The third is the brain and 
protective membranes (Figure 1) [58]. Five protective layers collectively known 
as the scalp cover the skull: the skin, the superficial fascia, the galea 
aponeurotica, a layer of loose areolar tissue, and the pericranium. [59] 
Underneath the skull are the membranes that protect the brain and CNS called 
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the meninges. The meninges are comprised of the dura matter, the arachnoid, 
and the pia matter. The dura matter is the layer closest to the skull while the pia 
matter lines the brain with the arachnoid separating the two [59]. The space 
between the dura matter and the arachnoid is called the subdural space. The 
space between the pia matter and the arachnoid is called the subarachnoid 
space. It is through the subarachnoid space that the cerebrospinal fluid flows 
[59]. All of these layers can be visualized in Figure 1.  
 
 
Figure 1: Coverings of the Brain                                                        
Reproduced from the Wellington Hospital, 2007 [58] 
In most events causing head injury there are three collisions that occur 
[58]. To visualize these collisions they will be related to football impacts. The first 
collision is the injury-generating event. This collision occurs, for example, when a 
member of the defensive team hits a running back hard. The second collision is 
the movement of the individual, in this case a running back, and the subsequent 
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contact made with the ground. The third collision is the movement of the brain 
within the skull [58].  
The biomechanics of head injury become important when trying to 
determine who is at fault in many criminal cases, as well as in wrongful death 
and personal injury cases [60]. In order to make these determinations, one must 
understand head injuries and the amount of force a typical brain can withstand 
before injury occurs. An early standard that arose is the Wayne State Tolerance 
Curve (WSTC). This early standard, developed in 1960, compared the 
relationship between acceleration and the time of impact, defining the boundary 
between safe and unsafe acceleration levels [45,60,61]. As more research was 
conducted the information from the WSTC was modified. In 1966 the Gadd 
Severity Index (GSI) was proposed using weighted impulse criteria to predict 
brain injury. The GSI eliminated the subjective visual comparisons of head 
acceleration of the WSTC and replaced it with mathematical verifications [60]. In 
the early 1970’s a modification was made to the GSI limiting the time interval in 
which the GSI was evaluated leading to the currently used Head Injury Criterion 
(HIC) [60]. The HIC can be visualized as [60] 
𝐻𝐼𝐶 = 𝑚𝑎𝑥   1𝑡! − 𝑡! 𝑎 𝑡 𝑑𝑡!!!!
!.! 𝑡! − 𝑡!      
(Equation 1) 
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where t1 and t2 are random times within the acceleration pulse of the injury. a(t) is 
acceleration expressed as a multiple of gravity (g = 9.8m/s2 or 32.2 ft/s2) 
[58,60,61]. This formula has been validated under a variety of conditions showing 
that a HIC score of 1000 has a 16% probability of obtaining a score of 4 or higher 
on the abbreviated injury scale (AIS) and a 50% to 60% probability of an AIS 
score of 3 or higher [60]. The AIS can be seen in Table 8.  
 
Table 8: Abbreviated Injury Scale (Table from Hayes et. al.) [60] 
Injury Severity Score Severity Code Fatality Rate, % 
1 Minor 0 
2 Moderate 0.1 – 0.4 
3 Serious 0.8 – 2.1 
4 Severe 7.9 – 10.6 
5 Critical 53.1 – 58.4 
6 Maximum (Untreatable)  
 
Although HIC is useful for measuring head injury it is primarily used for moderate 
or severe injuries. To assess mTBI the Head Impact Power (HIP) model is most 
commonly used. This model takes into consideration the full six degrees of 
freedom with respect to head kinetics; three translational and three rotational 
[60]. Head impact power can be summarized as [60] 𝑃 = 𝑚𝑎      𝑣  +    𝐼𝛼    𝜔   𝑘𝑊  
(Equation 2) 
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where m is the mass of the head, a is the linear acceleration, v is the linear 
velocity, I is the rotational inertia, α is the angular acceleration, and ω is the 
angular velocity. Expanding this equation for the linear motion of the head along 
three axes as well as the rotational motion of the head around three axes and 
plugging in inertial coefficients appropriate for the human head the HIP is 
expressed as [60] 
𝐻𝐼𝑃 = 4.50𝑎! 𝑎!𝑑𝑡 + 4.50𝑎! 𝑎!𝑑𝑡 + 4.50𝑎! 𝑎!𝑑𝑡 + 
0.016𝛼! 𝛼!𝑑𝑡 + 0.024𝛼!𝑑𝑡 + 0.022𝛼! 𝛼!𝑑𝑡    𝑘𝑊  
(Equation 3) 
In order to validate the HIP criterion, 100 helmet-to-helmet collisions where at 
least one person sustained a concussion were examined [60]. It was found that 
there is a 50% chance of concussion with an HIP score of 12.8 kilowatts (kW). At 
10 kW there was transition seen where no concussion is seen with scores under 
10 kW and concussions occurring after 10 kW. No data was given [60].  
 Not only are the linear and rotational accelerations a contributing factor in 
concussions but also playing a role in the severity are the duration of the impact 
and the location of the impact [45]. When acceleration was kept constant impacts 
to the top of the head were not as likely to induce concussion as compared to 
lateral or frontal impacts. This may be due to the lack of rotational factors with 
impacts to the top of the head [45].  
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Linear and rotational energies have differing effects on the brain. Linear, 
or translational, acceleration is correlated with intracranial pressure (ICP) while 
rotational accelerations are correlated with the shear stress on the brain. Both 
ICP and shear stress play a role in developing concussions but shear stress in 
the midbrain was shown to be the best predictor of concussion [62]. Shear stress 
is highest in the midbrain and thalamus, which are located just above the 
brainstem [62]. The thalamus is used to relay sensory and motor signals to the 
cerebral cortex and regulate consciousness, sleep, and alertness. The midbrain 
plays a role in vision, hearing, motor control, alertness and temperature 
regulation. It makes sense that these areas of the brain are most affected when 
considering the symptoms and neurologic deficits of concussion.  
 
9. Concussion Mechanism 
 The first event of SIS is the initial concussion. A concussion is generally 
due to acceleration and deceleration forces of the head and rotation of the head 
with the energy of the force being transmitted to the brain [9,15]. In a concussion 
there is generally no skull fracture and no visible brain damage seen during brain 
imaging [22]. If a skull fracture is present then the head injury is typically worse 
than a concussion, that is to say the injury is no longer mild but becomes 
moderate or severe. With brain injuries, coup and/or contrecoup injuries can 
arise. Coup injuries, injuries directly under the site of impact, typically occur when 
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a moving object impacts the head while the head is stationary. Contrecoup 
injuries, injuries opposite the site of impact, typically occur when the head strikes 
a stationary object. Coup and contrecoup injuries can occur as separate injuries 
or together as a result of the same injury. With a direct hit to the head signs of 
strain on the neural function of the brain can be seen at the coup injury [5,22,63]. 
This strain includes depolarization events leading to a decrease in glucose 
metabolism, which will be discussed later. In reality, however, no true coup or 
contrecoup injuries exist with a concussion in the true sense of the definition. 
This is because, as stated earlier, with a concussion there is typically no visible 
brain damage. Coup and contrecoup injuries are referred to as focal brain injuries 
and associated with these injuries is an area of bruising on the brain [63]. 
Instead, in a concussion injury, the damage seen in the brain is more widespread 
[5]. The coup and/or contrecoup injuries in a concussion would be the initial site 
of neuronal strain with no visible signs of brain damage, such as bruising. From 
these initial sites of neuronal strain, the damage disperses over the entire brain in 
the form of electrical and biochemical signals. In Figure 2, the coup injury would 
be located in the area in contact with the fixed object. A smaller contrecoup injury 
may occur opposite the site of impact if the force is great enough [22].  
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Figure 2: Forces Applied to the Brain in the Event of Concussion 
Reproduced with permission from Ropper & Gorson, 2007, Copyright 
Massachusetts Medical Society 
clinical pr actice
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The brief loss of consciousness that character-
izes concussion appears to be the result of rota-
tional forces exerted at the junction of the upper 
midbrain and thalamus that cause transient dis-
ruption of the functioning of the reticular neurons 
that maintain alertness (Fig. 1). Other mecha-
nisms, such as seizure or abrupt elevation of in-
tracranial pressure, have been suggested but with 
limited supporting evidence. The cause of the ac-
companying amnesia, however, is not known.
S tr ategies a nd E v idence
Evaluation of the Patient with Concussion
Those attending to the patient at the scene of the 
injury should keep the airway clear and be atten-
tive to a possible accompanying neck injury. If the 
patient has any neck pain, cervical immobilization 
is required. It is prudent to insist that a patient with 
concussion be taken to an emergency department 
for evaluation, although many patients object.
Criteria for Cranial Imaging
The primary concern is that the force of the im-
pact may have caused a subdural, epidural, or 
parenchymal brain hematoma, although less than 
10% of patients have intracranial bleeding after a 
concussion, and less than 2% require neurosur-
gery.8 Cranial computed tomography (CT) without 
contrast enhancement is adequate to detect im-
portant intracranial bleeding; magnetic resonance 
imaging is not necessary for this purpose.
Neurologic signs such as hemiparesis or poor 
arousal certainly necessitate CT, but predicting 
which person is likely to have abnormalities on 
imaging, and at the same time avoiding unnec-
essary scans, has proved difficult. Evidence that 
the injury was minor, including a normal neuro-
logic examination, does not ensure the absence of 
an intracranial lesion. For example, 209 of 1538 
patients with normal neurologic examinations in 
one series were found to have abnormalities on 
CT, with 58 requiring neurosurgery.9 On the basis 
of such findings, some groups have advocated 
scanning all patients with concussion, an approach 
that would lead to a predominance of negative 
scans that did not need to be obtained. In the 
past, the presence of a skull fracture was consid-
ered a marker of intracranial injury,10 but it has 
since been recognized that a simple fracture actu-
ally dissipates much of the energy of an impact 
and is not a strong indicator of intracranial bleed-
ing. Certain fractures, such as those that are de-
pressed or involve the base of the skull, have some 
predictive value, as discussed below.11,12
To refine the criteria for CT scanning, several 
clinical decision rules have been developed. Two 
of these rules — the New Orleans Criteria13 and 
the Canadian CT Head Rule14 — have been vali-
dated prospectively. Each contains seven criteria, 
although the only ones they have in common are 
older age and vomiting (albeit defined slightly 
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Figure 1. Mechanism of Concussion.
Biomechanical investigations dating back to the beginning of the 20th cen-
tury suggest that concussion results from a rotational motion of the cerebral 
hemispheres in the anterior–posterior plane, around the fulcrum of the fixed-
in-place upper brain stem. If the neck is restrained, concussion is difficult 
to produce. Concussions as portrayed in movies and cartoons, in which the 
back of the head is struck with a blunt object and no motion is transferred 
to the brain, are implausible. The modern view is that there is disruption of 
the electrophysiological and subcellular activities of the neurons of the retic-
ular activating system that are situated in the midbrain and diencephalic re-
gion, where the maximal rotational forces are exerted. Alternative mecha-
nisms for concussive loss of consciousness, such as self-limited cortical 
seizures or a sudden increase in intracranial pressure, have also been pro-
posed, but with limited supporting evidence.
The New England Journal of Medicine 
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Figure 2: Explained 
It has been proposed that a concussion is the result of the rotational forces 
applied to the brain in the anterior-posterior plane centered on the upper brain 
stem [36]. If the head and/or neck are restrained it is difficult to concuss the brain 
because the rotational forces no longer exist. The figure depicts the forehead of 
an individual striking a fixed object.  When the head strikes the object a sudden 
deceleration occurs. This causes the brain to move forward, potentially striking 
the skull. As this movement occurs, rotational force is being applied to the upper 
brain stem or the midbrain. It is this energy that is thought to be the root cause of 
concussions.  
 
 The damage done to the brain during a concussion is not structural. 
Instead, the damage is caused by a series of metabolic cascades that interfere 
with brain function [63]. After a concussive blow the damaged cells remain alive 
but in a state of increased vulnerability [4,7,22,33]. This is supported by the fact 
that any symptoms resulting from a concussion resolve completely over time 
indicating the symptoms are caused by temporary neuronal dysfunction and not 
cell death. If cell death occurs the symptoms seen after the injury would never 
completely resolve [64]. Immediately following concussion, there is a period of 
increased intracranial pressure and a decrease in cerebral blood flow (CBF), 
which leaves the brain susceptible to even slight changes in blood flow [22]. A 
coupling of CBF to glucose metabolism and brain function has been shown in 
healthy individuals; however, this coupling is disrupted due to the concussive 
event causing what is known as an energy crisis [22]. During this energy crisis 
the demand for glucose utilization increases immediately following a concussive 
event in an attempt to reset the balance of ions and neurotransmitters in the 
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brain [65]. This period of increased demand for glucose is brief and is followed by 
a prolonged period of metabolic depression [5,65]. The reason for this fluctuation 
in glucose utilization by the brain is not fully understood but it is clear that this 
fluctuation is a mechanism for preserving brain function after minor injury. The 
author of this paper hypothesizes that the initial glucose demand is a mechanism 
to make sure the brain has enough energy to rectify any damage that has been 
caused. The ensuing decrease in brain metabolism is a mechanism to make sure 
the brain has enough ‘rest’, just as any other bodily injury requires rest of the 
damaged area to heal. The negative effect of this decrease in metabolism is that 
the brain cannot adequately respond to external stimulation until metabolism is 
returned to normal, which may take up to four weeks [22]. If further injury is 
sustained during this time period the brain losses its auto-regulation mechanism, 
referred to as dysautoregulation, leading to catastrophic brain damage and SIS 
[23].  
After a person sustains a concussive head injury a phenomenon known as 
diffuse axonal injury (DAI) occurs. The metabolic cascades that occur after 
sustaining a concussion, leading to the aforementioned energy crisis, begin with 
an action potential caused by depolarization of nerve cells (Figure 3, step 1) 
[22,64,65]. The action potential begins with the impact responsible for the 
concussion, which causes a sudden stretch, or swelling, of the neuron and axon 
membranes. The axolemma is the portion of the cell membrane that surrounds 
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the axon and maintains membrane potential of the neuron [64,66]. This stretch 
leads to a flux of ions through ion channels that are normally regulated [5]. 
Following this initial depolarization there is a release of neurotransmitters, 
specifically excitatory amino acids (EAA) such as glutamate (Figure 3, step 2) 
[22,63,64,65]. Glutamate then binds to the receptors N-methyl-D-aspartate 
(NMDA), D-amino-3-hydroxy-5-methyl-4-isoxazole-propionoc acid (AMPA), and 
kainate [67]. These receptors are located within synapses and are responsible 
for coupling and transmitting electrical and biochemical signals in neurons [67]. 
The NMDA receptor, specifically, is fundamental in regulating brain plasticity, or 
the brain’s ability to respond to external stimuli [67]. The binding of these 
glutamate receptors allows the efflux of potassium ions (K+) out of the cell and an 
influx of calcium ions (Ca2+) into the cell causing further depolarization (Figure 3, 
step 3) [5,64]. This depolarization causes a widespread suppression of neurons 
throughout the entire brain, which is referred to as a depression-like state, may 
be what causes early LOC or other cognitive impairments [64,65]. As the balance 
of ions becomes more skewed the body will try to restore the balance to normal 
by opening sodium (Na+)/K+ pumps (Figure 3, step 4) [22,64,65]. These Na+/K+ 
pumps are ATP dependent. ATP is the energy carrier of the cell. NA+/K+ pumps 
are using ATP in an attempt to restore balance to the ion concentrations within 
the cell. This causes glucose metabolism, glycolysis, to increase dramatically 
(Figure 3, step 5). As mentioned before, CBF is tightly coupled to glucose 
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metabolism in healthy individuals. Upon impact, there is a decrease in CBF, but 
as was shown above, the glucose metabolism increases greatly. This mismatch 
in glucose metabolism and CBF can result in an energy crisis for the brain, which 
leaves the brain more susceptible to further injury [22,65]. Glucose metabolism 
can occur in one of two ways, aerobic or anaerobic. Oxidative or aerobic 
metabolism, is already working near maximum capacity before the increase in 
the need for ATP. Because of this the less efficient anaerobic glycolysis is 
needed [65]. Lactate, a byproduct of anaerobic glycolysis begins to build up 
causing neuronal dysfunction (Figure 3, step 6). This dysfunction may play a part 
in the brain’s increased vulnerability to a second injury [64]. 
The early depolarization event that triggers the release of EAA’s and the 
subsequent efflux of K+ also, as mentioned before, allows the influx of Ca2+. 
These calcium ions accumulate in intracellular organelles, especially the 
mitochondria (Figure 3, step 7) [64]. As early as one minute after the brain has 
sustained trauma the mitochondria start producing reactive oxygen species 
(ROS) in high levels [5]. Reactive oxygen species are molecules that contain 
oxygen and are chemically reactive. The cell can normally detoxify unwanted and 
potentially harmful ROS. As the level of ROS increases however, the cell has a 
difficult time detoxifying the ROS molecules as fast as they are being produced. 
This results in a surplus of ROS molecules causing oxidative stress [5]. Calcium 
ions overload the mitochondria causing a change in inner membrane 
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permeability and swelling of the organelle [5,22,63]. The mitochondria’s ability to 
produce ATP via the electron transport chain is disrupted because of this change 
in membrane permeability. This disruption of the mitochondria causes a 
decrease in oxidative glucose metabolism, after the early metabolic spike, and 
eventually energy failure of the cell (Figure 3, step  8) [64,65]. The brain has 
already started to utilize a large amount of ATP in an effort to correct the ionic 
imbalance through ion pumps. Once the damage is done to the mitochondria 
during the influx of calcium ions the ATP generation is greatly diminished causing 
the aforementioned energy crises [5,65]. This lack of production of ATP has been 
considered responsible for the cognitive impairments that occur after sustaining a 
concussion [5].  
Exacerbating the decrease in glucose metabolism and shortage of energy 
is the reduction in intracellular Mg2+ that occurs following brain injury [54,57,64]. 
Magnesium is found in three main arrangements. The first two, being bound to 
proteins and complexed into anions, are not as important to concussion 
pathology. The third form, free, is the physiologically active form of Mg2+ [68]. 
Magnesium is an essential ion to the function of the central nervous system 
(CNS) playing a role in neurotransmitter release, oxidative stress, and protein 
synthesis [54]. In fact, Mg2+ is required for all reactions that generate or utilize 
ATP. This includes glycolysis, oxidative phosphorylation, and the citric acid cycle 
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Figure 3: Neurometabolic Cascade Following a Concussion [64] 
 
or Krebs cycle [57]. This wide range of factors make Mg2+ therapy following head 
trauma an effective means to minimize the neurologic and cognitive impairments 
that can be caused my TBI [54,57]. Both magnesium chloride (MgCl2) and 
magnesium sulfate (MgSO4) have been shown to restore the levels of free Mg2+ 
in the brain when administered following TBI with diminished neurologic and 
cognitive sequelae [54].  
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 As mentioned above, DAI occurs after a concussive head injury. The 
increased axolemma membrane permeability lasts up to six hours post injury 
allowing an influx of Ca2+ (Figure 3, step 9A). It was shown in Figure 3, step 7, 
that this influx of Ca2+ swells the mitochondria disrupting energy production. 
These Ca2+ molecules not only flood the mitochondria but can also destabilize 
microtubules over time [65]. Within five minutes of the injury neurofilament 
compaction occurs in one of two ways (Figure 3, step 9B). The first is by 
phosphorylation altering the stability of neurofilaments. The second is by calpain-
mediated proteolysis causing a collapse of the neurofilaments [64,65]. After 6 
hours, the increased Ca2+ levels can begin to cause microtubule breakdown 
lasting up to 24 hours (Figure 3, step 9C) [64]. Transport organelles begin to 
accumulate at the site of neuronal disruption. This is because axonal transport 
continues along the undamaged sections [64,65,66]. Swelling occurs at the sites 
of transport build up causing edema and secondary axotomy and the formation of 
axonal blebs (Figure 3, step 9D) [64,65]. These blebs can be seen as early as 4 
hours and can persist for weeks [64].  
When a second injury occurs and causes SIS, it is possible for an 
intracranial hemorrhage to occur due to brain swelling in association with a thin 
subdural hematoma (SDH) [14]. A SDH is a traumatic brain lesion where a 
collection of blood pools in the subdural space. The subdural space, as 
mentioned earlier, is the space between the dura matter and the arachnoid. 
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Subdural hematomas can be classified into two groups, acute and chronic. The 
main difference between acute and chronic SDH is the speed of onset, with 
acute SDH occurring very rapidly and chronic SDH occurring over a period of 
days or weeks. An acute SDH usually occurs from a sudden blow to the head 
that tears blood vessels in the brain. In cases of chronic SDH small tears may 
develop in the brain causing bleeding into the subdural space. The symptoms of 
a chronic SDH are not apparent until days, weeks, or even month later [14]. A 
SDH will be fatal if left untreated due to increased pressure in the intracranial 
space. Although SDH can be fatal if untreated, the presence of a small SDH in 
an autopsy is not considered fatal. Subdural hematomas are typically seen when 
the injury does not result in a fracture to the skull [22]. Two other traumatic 
intracranial lesions that are associated with head injury are epidural hematoma 
(EDH) and intracerebral hemorrhage (IH). The latter two types of head injuries, 
EDH and IH, are more severe injuries that alone can cause death. Because of 
this, when these injuries are found during an autopsy the autopsy is no longer 
negative and SIS can be ruled out. 
Under normal circumstance no space exists between the dura and the 
inner table of the skull but a blow to the head may cause the dura to separate 
from the skull if the blow is hard enough. The collection of blood between the 
dura and the inner table of the skull is referred to as an EDH, which typically 
occurs in conjunction with a skull fracture, but is this is not always the case [22]. 
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Intercerebral hemorrhages may be caused by blunt head trauma but are most 
commonly associated with non-traumatic events such as hypertensions, 
aneurysms, and vascular malformations. Intracerebral hemorrhage is 
characterized by blood flow into the functional tissue of the brain, which is called 
the cerebral parenchyma [22].  
In the event any of these traumatic brain lesions occur and SIS is 
possible, the lesions must be small enough such that the lesion alone is 
insufficient to explain death. As stated above, this is usually not the case with an 
EDH or IH. If either of these lesions are seen, SIS can typically be ruled out.  
 
10. Methods of Analysis of Concussion 
 Medical practitioners use the Glasgow Coma Scale (GCS) to diagnose 
symptoms and severity of TBI (Table 9) [1]. The scale uses motor response, 
verbal response, and eye opening to assess a person’s cognitive ability after 
sustaining a head injury. A score of 15 indicates the person is fully alert and 
oriented. As the score decreases the severity of the head trauma increases with 
a score of 3 being the lowest [1]. The score obtained from the GCS may be 
skewed based on the amount of time elapsed between the injury and the 
administration of the cognitive tests. Intoxicating substances could also skew the 
GCS score [4].  
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Used either in place of, or in conjunction with, the GCS by medical 
practitioners is the Rancho Los Amigos Scale. This scale tests the individuals’ 
awareness, cognition, behavior, and interaction with the environment [1]. To test 
these four areas criteria such as response to stimuli, cooperation, attention, 
memory recall, and reasoning among others are analyzed. From the results of 
the tests the individual will be given a score from 1 to 8 with a score of one 
representing no response and a score of 8 representing full awareness and 
functionality [1]. All 8 levels are shown in Table 10. 
    
   Table 9: Glasgow Coma Scale for Traumatic Brain Injury  [1,4] 
Motor Response 
6 – Obeys 
commands fully 
5 – Localizes to 
noxious stimuli 
4 – Withdraws from 
noxious stimuli 
3 – Abnormal 
flexion 
2 – Extensor 
response 
1 – No Response 
Verbal Response 
5 – Alert and oriented 
4 - Confused, yet 
coherent, speech 
3 – Inappropriate words 
and jumbled phrases 
consisting of words 
2 – Incomprehensible 
sounds 
1 – No sound 
Eye Opening 
4 – Spontaneous eye 
opening 
3 – Eyes open to speech 
2 – Eyes open to pain 
1 – No eye opening 
Mild – Score between 13 and 15 
Moderate – Score between 9 and 12 
Severe – Score between 3 and 8 
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Table 10: Rancho Los Amigos Scale  [1] 
Level 1: No Response 
Level 2: Generalized Response 
Level 3: Localized Response 
Level 4: Confused – Agitated 
Level 5: Confused – Inappropriate 
Level 6: Confused – Appropriate 
Level 7: Automatic – Appropriate 
     Level 8: Purposeful – Appropriate 
 
 
Many methods have been developed by different organizations to assess 
the severity of a head injury and to determine if a concussion has occurred. 
Cranial computed tomography (CT) can be used to detect intracranial bleeds 
such as those caused by SDH, EDH, or IH [36]. Two separate sets of criteria 
have been validated to determine if a CT is necessary in the event of a minor 
head injury. These are the New Orleans Criteria and the Canadian CT Head 
Rule. The criteria are shown in Tables 11 and 12 respectively. 
 
Table 11: New Orleans Criteria [36] 
Glasgow Coma Scale score of 15 
Headache 
Vomiting 
Age – greater that 60 years old 
Drug or alcohol intoxication 
Short-term memory deficits (Persistent anterograde amnesia) 
Evidence of traumatic soft-tissue or bone injury above clavicles  
Seizures 
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If an individual has sustained a head injury, meeting only one criterion 
from either the New Orleans Criteria or the Canadian CT Head Rule is required 
to be an indication that a CT scan is needed [36]. The sensitivities of the two 
methods for detecting clinically important lesions are 99% for the New Orleans 
Criteria and 87% for the Canadian CT Head Rule [36]. The specificities for 
detecting clinically important lesions are 5% and 39% respectively [36]. The 
sensitivity for detecting lesions that will require neurosurgery is 100% for both 
methods [36]. The specificity for detecting lesions that will require neurosurgery 
is 5% for the New Orleans Criteria and 38% for the Canadian CT Head Rule [36]. 
 
Table 12: Canadian CT Head Rule [36] 
Glasgow Coma Scale score of 13-15 for patients 16 years and 
older 
High Risk of Neurosurgical Intervention 
Glasgow Coma Scale score less than 15 within 2 hours 
following injury 
Open or depressed skull fracture suspected 
Any sign of basal skull fracture 
(ie: raccoon eyes, mastoid ecchymosis, etc) 
Two or more episodes of vomiting 
Age – greater than 65 years 
Moderate Risk of Brain Injury Detected by CT 
Retrograde amnesia for 30 minutes or longer 
Pedestrian struck by a motor vehicle, ejected from a motor 
vehicle, fall of greater than a 3 foot elevation, or more than 
five stairs 
  
The criteria given by both The New Orleans Criteria and the Canadian CT 
Head Rule are for individuals under normal circumstances [36]. Cranial 
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computed tomography imaging is recommended for minors under the age of 16 
as a precautionary measure since the brain is more susceptible to damage and 
takes longer to heal than that of older individuals [36]. Imaging is recommended 
for all individuals who are intoxicated because alcohol affects cognitive abilities 
and preliminary tests to determine if a person has sustained brain damage may 
be obscured due to the alcohol [36]. Imaging is recommended for individual who 
will not be adequately observed after discharge. This is because some of the 
intracranial lesions may be small or may develop at a later date [36]. If the 
lesions are small the cognitive deficits that will occur due to bleeding and swelling 
will not be noticed using external tests such as the GCS when administered 
shortly after the head trauma. Imaging is also recommended for individuals who 
are susceptible to bleeding or taking anti-coagulants [36].  
In the past it was believed that a LOC accompanied a concussion. If an 
individual had sustained a head injury and was being treated by a physician the 
physician would have incorrectly stated that the person was negative for a 
concussion because there was no LOC. More recent studies have found that this 
is not necessarily the case [34]. Most cases of concussion, at least in a sports 
setting, are not accompanied by LOC making this a poor indicator of concussion. 
If a no concussion report is made the individual will be cleared and may engage 
in activity that could put him/her at risk of a second impact. 
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11. What is SIS and How Does it Cause Death? 
  Second impact syndrome is a rare condition. The second impact can 
occur anywhere on the body as long as the acceleration/deceleration forces are 
transmitted to the brain [14,19]. During this event it is possible a diffuse cerebral 
edema is present that complicates and worsens the secondary mTBI [63]. As 
discussed earlier, a concussion does not typically cause structural damage to the 
brain. The abnormal cerebral metabolism that is caused by the injury may last for 
days, weeks, or months [16]. If a second injury occurs during this time period the 
injuries may be synergistic [15].  
 The proposed mechanism of SIS is cerebral dysautoregulation following 
the initial injury. A concussion causes metabolic dysfunction, which is responsible 
for leaving the brain vulnerable to further injury. [4,7,33] This vulnerability is due 
to the increase in glucose demand from the initial injury and a decrease in 
cerebral blood flow, which leaves the brain susceptible to even minor changes in 
blood flow [16,22]. This neurometabolic cascade following a concussion that 
causes dysautoregulation as described in section 9 of this paper leads to brain 
swelling and increased ICP [44]. Intracranial pressure may cause herniation 
within the brain and brainstem compression. Brainstem failure ensues within 2-5 
minutes [44]. The brainstem is comprised of the medulla oblongata, the pons, 
and the midbrain. The medulla oblongata regulates involuntary functions such as 
breathing, heart rate, and blood pressure. The pons is a bridge between the 
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medulla oblongata and the thalamus and relays sensory and motor signals to the 
cerebral cortex and regulates consciousness, sleep, and alertness. The midbrain 
plays a role in vision, hearing, motor control, alertness and temperature 
regulation. All of these functions regulated by the brainstem are basic functions 
needed to survive which means that when the brainstem begins to fail death is 
imminent [14]. Although a subdural hematoma may occur in up to half of all SIS 
cases this injury alone is often not significant enough to cause death. Instead a 
massive edema from the brain swelling and increased ICP is considered to be a 
possible cause of death [9].  
 When an athlete has suffered a second impact they typically remain 
conscious for a period of time but looked stunned. They may remove themselves 
from play but within minutes collapse, semi-comatose [15]. The individual will 
display rapidly dilating pupils, loss of eye movements, and respiratory failure 
[9,27].  
 Return to play guidelines (Table 7) have been devised to minimize the 
chance of an athlete returning to play before symptoms have diminished. 
Cognitive testing is also required, but for thorough testing, a baseline of 
neurocognitive activity is needed. This means that all individuals need to be 
tested prior to being injured [69]. The lack of baseline data makes it difficult to 
establish if neurocognitive activity had actually diminished or if low scores were 
pre-existing [11].  
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 Retrieving the baseline level of neural activity can be easily attained by the 
military and for professional athletes. Military personnel must undergo regular 
health checks to make sure they are fit to serve. Cognitive testing could easily be 
added to the routine testing. The only limiting factor is having enough qualified 
doctors to handle performing this large amount of cognitive testing. Professional 
athletes must also go through regular health checks, although it is assumed the 
health checks for athletes are not as stringent as those performed on the military. 
This testing is expensive however and it may not be feasible for schools to afford 
cognitive testing for every athlete that comes through their system. This would 
also be unrealistic for the general population. A good way to attain the baseline 
data needed for thorough head injury assessment is to include the 
neuropsychological and neurocognitive tests with routine physicals. This would 
allow most individuals in the general population to be tested from a young age 
and would allow all athletes to be tested. 
 The lack of knowledge about SIS makes it difficult to detect at autopsy. 
With an SIS death there are no physical signs of trauma present that are 
significant to explain death [19,23]. What may be seen during an autopsy is a 
small subdural hematoma or cerebral edema, but again these injuries alone 
would not be sufficient to cause death. The ME then faces the challenge of 
assigning the cause and manner of death to be able to sign the death certificate.  
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 Upon completion of an autopsy with unremarkable findings the ME must 
then look more closely at scene findings and witness testimony to determine the 
cause and manner of death. The current guidelines for determining if SIS has 
occurred are very subjective. There are a total of four criteria that must be met in 
order for a case to be considered definite SIS, see Table 13. If, after a thorough 
investigation, the ME cannot determine a manner of death he or she may sign 
the death certificate with an undetermined manner of death.  
 
     Table 13: Criteria For Determining SIS [70] 
Four criteria looked at in a case that may be SIS 
1: Medical review after a witnessed first impact 
2: Documentation of ongoing symptoms following the initial impact up to 
the time of the second impact 
3: Witnessed second head impact with a subsequent rapid cerebral 
deterioration 
4: Neuropathologic or neuroimaging evidence of cerebral swelling 
without significant intracranial hematoma or other cause of cerebral 
edema  
Definite SIS: All four criteria met 
Probably SIS: Criteria 3 and 4 met with either criteria 1 or 2 also present 
Possible SIS: Criteria 3 and 4 present only 
Not SIS: Criteria 3 or 4 not present 
  
Using the criteria set forth in Table 13 it is nearly impossible to diagnose 
SIS. One of the main reasons is that many people do not realize when they have 
sustained a concussion and hence do not report it and a record of the first impact 
is never made [7]. Without knowledge of this first impact there is no way to have 
documentation of symptoms leading up to the second impact. With the 
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understanding that concussions may go unrecognized it seems use of criteria 
where the concussion must be recognized to diagnose the condition resulting 
from further injury will continue to be problematic. Veevers et. al. [16] comment 
on this: “…although our cases appear to share similarities in the timing between 
trauma and the collapse, the absence of documented previous head trauma and 
identifiable intracranial pathology does not allow us to present our cases as 
examples or ‘second impact syndrome’…” For these reasons it is essential for 
further studies to be done to create better criteria that do not rely on the first 
impact to be witnessed and documented. 
 Another shortfall of the criteria listed in Table 13 is the fact that it requires 
the second impact to be aimed at the head. It has clearly been shown that an 
impact to another area of the body, such as the chest, can result in the 
acceleration/deceleration forces being transmitted to the head and causing injury 
[20].  
 The reality that SIS is a real, albeit rare, outcome of successive head 
injuries is not universally accepted. Paul McCrory in his paper entitled “Does 
Second Impact Syndrome Exist?” claims that what some recognize as SIS is 
actually diffuse cerebral swelling occurring from a single blow [31]. In this paper, 
McCrory called upon 17 previously published cases of SIS and subjected them to 
the criteria of classifying SIS in Table 13. It should be noted that McCrory is the 
lead author on the paper that devised this criteria for classifying SIS [70]. He 
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noted that of the 17 cases analyzed, 5 were classified as probable SIS with the 
remaining cases classified as not SIS. He then uses this “evidence” based on the 
arbitrary and unrealistic criteria to support his position that SIS probably does not 
exist. In his paper McCrory makes the argument that “clinicians abandon the 
misleading term second impact syndrome and refer to the syndrome as diffuse 
cerebral swelling [31].”  In this paper however, McCrory states that clinicians 
should be aware of the rare possibility of cerebral swelling following a concussion 
but also goes on to say, “postconcussive symptoms should be seen as a 
significant risk factor for this to occur [31].” Second impact syndrome has been 
accepted as a synergistic event where the second event occurs when post 
concussive symptoms are present amplifying the effects of the injury. Although 
McCrory does not agree with the classification of SIS, it is unclear as to where 
the distinction lies between his statement regarding postcuncussive cerebral 
swelling and the cause of SIS.  
 Risk factors of SIS include participating in activities with an increased rate 
of head injury and being young of age. The more exposed an individual is to 
head trauma the more likely they are to suffer a head injury such as a 
concussion. If the symptoms of the concussion are not recognized and the 
individual remains in the high-risk activity then he or she is more susceptible to 
suffering a second injury and hence SIS. Being young of age is a risk factor 
because younger individuals react differently to concussions and seem to take 
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longer to recover from a concussion [11]. Recovery time for high school aged 
athletes was about 7 days while recovery time for collegiate athletes was about 
24 hrs [23]. In order to fully recover from a concussion cognitive rest is required.  
This means that performing activities that require concentration and attention 
should be minimized. This includes avoiding reading, schoolwork, video games, 
etc [25,34]. It is easy to see why younger individuals may take longer to recover. 
Not only are their brains still maturing, but also they are constantly exposed to 
these kinds of activities on a daily basis. Adequate rest also includes avoiding all 
strenuous activity until symptoms have subsided [25].  
 
12. Medicolegal Death Investigation Where SIS May be Involved 
 When a death is reported to the ME it is essential that a thorough scene 
investigation be performed. If it is suspected that the death may be due to SIS it 
is essential that witnesses, if any, be questioned as to what they saw. It should 
be made clear that any blows to the head and body, or falls to the ground could 
be significant, no matter how minor they seem. Eyewitness accounts are not 
always accurate as to true events but if enough witnesses are questioned the 
true events may be ascertained. A typical SIS scene will involve the affected 
individual appearing stunned and possibly walking a short distance. Usually 
within 5 minutes the individual will collapse to the ground. Symptoms will then 
include rapidly dilating pupils, loss of eye movements, and respiratory failure.  
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In an attempt to accurately determine the cause and manner of death, the 
ME must perform an autopsy. The condition of the body must first be noted. If no 
external injuries can be seen that would be significant enough to cause death 
then SIS is not ruled out, contingent on the circumstances of the case and 
autopsy findings. If available all brain imaging results, such as previous CT scan 
and magnetic resonance imaging (MRI) should be examined. A CT scan is a 
series of x-rays that allows for a 3D image of the cranium to be visualized. The 
results of a CT scan can help the ME determine the extent of brain swelling and 
hematoma, as well as visualize small skull fractures that may be overlooked 
otherwise. Brain swelling is a known symptom of severe head injury. The only 
difference with brain swelling in SIS is that a minor head injury produces the 
same devastating results that would be typically seen in a more severe injury 
[22].  
Magnetic resonance imaging is used to visualize structures of the brain 
and allows for greater detail of the brain than a CT scan [22]. Although MRI can 
show greater detail of the brain, injuries to neurologic function, such as DAI, are 
not typically seen in MRI. Functional MRI (fMRI) is similar to MRI and measures 
brain activity associated with changes in blood flow [22]. It has been shown that 
CBF is coupled to neuronal activity. Therefore, detecting a decrease in CBF is an 
indication of decreased neuronal activity, which can be associated with head 
injury. Other imaging techniques that can detect CBF are xenon computed 
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tomography, single photon emission computed tomography, and positron 
emission tomography which have not be discussed here.  
Although the above imaging techniques are useful they are mostly used to 
detect anatomic signs of brain injury. Second impact syndrome, however, shows 
no sign of brain damage that is significant enough to cause death. Because of 
this, imaging techniques that measure the biochemical and metabolic elements 
within the brain, such as magnetic resonance spectroscopy (MRS), should be 
performed after the initial concussion. Magnetic resonance spectroscopy is 
performed in conjunction with MRI and measures relative concentrations of 
metabolites and biochemical elements within the brain and allows for the 
assessment of injury at microscopic levels [22]. Metabolites that can be detected 
using MRS include glucose and Mg2+, which are altered during head injury.  
The findings that would be seen using the aforementioned imaging 
techniques in a case of SIS are typically unremarkable; meaning no significant 
damage that would cause death is present. This is why the scene findings and 
witness accounts of the injury are important to complement autopsy findings. If 
the findings at autopsy are unremarkable or a small hematoma or minor cerebral 
edema is present, that is insufficient to cause death, then SIS is not ruled out as 
a possible cause of death. More background on the decedent needs to be 
gathered if SIS is suspected. The medical records should be looked over 
carefully for any head injuries, especially those that are relatively recent. The 
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family and friends of the individual should then be questioned. Questions should 
include whether the decedent suffered any known head injuries, no matter how 
minor they seem. These could be from any activity such as a bike accident or 
simply tripping, falling, and hitting his or her head on the ground. Other questions 
may include, had the decedent unexpectedly missed or had poor performance in 
work or school or had the decedent complained of any headaches, light-
headedness, shortness of breath, dizziness, ringing in the ears, light sensitivity, 
or any of the other symptoms listed in Tables 4 or 5. A sample list of questions 
can be found in Table 14 with a flow chart outlining a protocol for investigating 
possible SIS deaths which is shown in Figure 4. 
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Table 14: List of Example Questions to Ask in the Event of Possible SIS  
A trained professional may be able to use questions like these to generate a 
possible GCS score of the deceased individual prior to sustaining the mortal 
injury. 
Did the individual sustain a blow to the head that could have been caused by 
anything from running into a stationary object, being hit with a moving object, 
falling etc? Any blows to the head, or falls to the ground could be significant, no 
matter how minor they seem. 
 
Did the individual sustain a blow to the body that caused his/her head to be 
jerked around suddenly? 
 
Did the individual complain of headaches, sensitivity to light or sound, light-
headedness, shortness of breath, dizziness, ringing in the ears, fatigue, or exhibit 
memory loss prior to sustaining the injury?  
 
Within the few months leading up to the mortal injury did the individual have any 
changes in speech or sleep patterns, feel depressed or have trouble 
concentrating? 
 
Does the individual play any sports or do any activities that could be the source 
of a possible first impact. 
 
Did the individual mention any crashes or accidents while riding a bike, running, 
skateboarding etc? 
 
Has the individual unexpectedly missed school or work or had unusually poor 
performance at school or work?  
 
Was the individual able to follow directions? 
 
Did the individual have complete use of his/her limbs?  
 
Did the individual display any abnormal responses to external stimuli in the 
months leading up to the injury? If so what was abnormal about his/her 
responses? 
 
Was the individual alert and coherent in the months leading up to the injury? 
 
Did the individual have any problems keeping his/her eyes open? Was there any 
pain when the individual opened his/her eyes? 
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Figure 4: Protocol for Investigating Possible SIS Deaths 
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Once the scene investigation and autopsy are complete, the findings, 
including previous brain images such as CT and MRS, need to be analyzed 
alongside each other, see Figure 4. This includes comparing the answers from a 
questionnaire, such as that in Table 14, to autopsy findings. The levels of 
glucose, Mg2+ and other important biochemical elements and metabolites should 
be analyzed to see if they are within normal range. It has been shown that once 
an individual sustains a concussion the levels of glucose and Mg2+ become 
depressed within hours of sustaining injury.  
If it is possible, a GCS score can be compiled from the questionnaire. For 
example, if from the questions asked of friends and family the decedent had full 
use of his/her extremities, was able to perform task without trouble, seemed very 
alert and aware, and had complete use of his/her eyes then the person would 
have had a high GCS score and possibly no symptoms related to head injury. In 
this case, SIS would not be the cause of death. If the person had a lower GCS 
score, the criteria for which can be found in Table 9, then it is more likely SIS 
could be the cause of death.  
 The scene findings, including medical history and results from a 
questionnaire, must indicate that the decedent was showing symptoms of a 
previous concussion leading up to the time of the mortal injury. In congruence 
with these findings, the autopsy must reveal unremarkable findings with only 
minor edema or hematoma present that are not significant enough to cause 
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death. It is possible to see a minor SDH without skull fracture when SIS is the 
cause of death. If available, the MRS should show depressed glucose and Mg2+ 
levels to be consistent with having sustained, and being symptomatic from, a 
previous injury. 
More research is needed on concussion and concussion recovery to fully 
understand SIS and accurately and confidently assign SIS as the cause of death. 
 
13. Future Directions 
More research is needed in many areas in order to fully understand SIS 
and allow ME’s to more easily identify this condition. Research into more 
sensitive imaging may allow brain abnormalities diagnostic to SIS to be identified. 
The main goal of future research should be to eliminate the prerequisite of 
identification and documentation of previous head injuries in order to diagnose 
SIS. This is because many concussions go unrecognized and are never 
reported.  
A better understanding of concussions and long-term symptoms may also 
shed light onto the understanding of SIS. The question should be asked, are 
there symptoms that persist longer than others but do not leave an individual 
susceptible to a successive injury and thus SIS. More advanced concussion 
assessment would not only allow SIS to be better identified but would decrease 
the prevalence of SIS altogether by not allowing at-risk individuals to participate 
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in activities until symptoms subside. Development of computerized assessment 
tools would allow the brain to be evaluated in a shorter period of time and assess 
the individuals’ ability to return to normal activity without the risk of injury [11].  
Better education programs need to be put into place so that players, 
coaches, parents, teachers, nurses, etc. will better recognize the signs of a mild 
head injury. The CDC has programs on there website called “Heads Up” to 
educate individuals on the dangers of concussions.  
Obtaining a baseline level of neurocognitive activity would allow medical 
personal to better assess the severity of a head injury and allow them to 
recognize when an individual has recovered from said injury. In order to do this it 
may be worthwhile looking into adding neurocognitive testing into routine 
physicals that all children have to get. 
 
14. Conclusion 
Second impact syndrome is a rare condition that is important to 
understand when performing a death investigation. Currently, a thorough scene 
investigation, including questioning witnesses, family, and friends, along with 
documentation of a previous head injury, is needed in order to diagnose SIS. In 
the future, the aim should be to eliminating the prerequisite of identification and 
documentation of previous head injuries in order to diagnose SIS. This is 
because the cause and manner of death can greatly change the legal actions 
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taken, whether it is to pursue a murder charge, or determining whether or not a 
life insurance policy will be paid out. Until this time, however, the diagnosis of SIS 
must rely on better education so not as many concussions go unnoticed. This will 
allow the current criteria of what is considered SIS to be met. 
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